Carotid artery stenting (CAS) is currently a standard procedure to treat severe carotid artery stenosis. This procedure causes mechanical plaque rupture, potentially releasing soluble factors into the circulating blood. The purpose of this study is to clarify whether inflammation factors are released from an atherosclerotic plaque after CAS and whether local release of inflammation factors is associated with periprocedural new ischemic lesions. The study consisted of 35 patients with 40 severely stenotic carotid arteries who underwent CAS. Blood samples were obtained from the aorta before the procedure and from the carotid plaque site just after the procedure. Blood levels of interleukin-6 (IL-6), interleukin-18, matrix metalloproteinase (MMP)-2, and tissue inhibitor of MMP-1 were determined. Diffusion-weighted magnetic resonance imaging was performed before and after the procedure. Among inflammatory markers, IL-6 levels markedly increased at the plaque site in comparison to those at the aorta (P < 0.001). The IL-6 levels in the local samples were significantly higher in symptomatic lesions than those in asymptomatic lesions. More importantly, higher local IL-6 levels were associated with the appearance of new ischemic lesions (P = 0.003). The association remained significant (P = 0.030) after controlling for potential risk factors for CAS. Association of local IL-6 levels and periprocedural new ischemic lesions suggests that massive release from the plaque and entry into the cerebral circulation of IL-6 might be one of important factors on periprocedural complications related to CAS.
Introduction
Inflammation is currently recognized as an important factor in the development, progression, and rupture of atherosclerotic plaques (Libby et al, 2002) . The measurements of circulating inflammatory markers, including high sensitivity C-reactive protein, interleukin-6 (IL-6) (Harris et al, 1999; Ridker et al, 2000a; Ridker et al, 2000b) , and IL-18 (Blankenberg et al, 2003) , carry important information as predictors of future vascular events. Recently, other candidate markers associated with cardiovascular events have been indicated, such as matrix metalloproteinase (MMP) (Kai et al, 1998) , and tissue inhibitor of MMP (TIMP) (Cavusoglu et al, 2006) . Recent studies of carotid endoarterectomy (CEA) have reported the expression of all of these inflammatory markers, in carotid atherosclerotic plaques (Mallat et al, 2001; Choudhary et al, 2006; Krupinski et al, 2006) , thus suggesting that inflammatory markers are transcribed locally. However, transcription itself does not necessarily indicate release from the plaque to the circulating blood (Maier et al, 2005) . Carotid artery stenting (CAS), which is a less-invasive percutaneous procedure than CEA, is currently a standard treatment for carotid artery stenosis (Goodney et al, 2006) . Although the risk of stroke and death resulting from CEA has been shown to depend on clinical indication (Bond et al, 2003) , little is known about the risk factors for periprocedural complications after CAS (Stingele et al, 2008; Theiss et al, 2008) .
In contrast to CEA, CAS causes mechanical plaque rupture, releasing plaque debris as well as soluble factors from atheromatous plaques. It is obvious that plaque debris, unless trapped safely, causes distal embolism and severe complications. Use of embolism protection device during CAS markedly decreased the rate of periprocedural stroke (Goodney et al, 2006) . However, soluble factors, once released from carotid plaque, could be directly transferred into the brain through the internal carotid artery (ICA). It could be helpful for safe approach of this procedure to know whether all or a part of soluble factors within the carotid plaque is released into the circulating blood during mechanical rupture. Therefore, the purpose of this study is to clarify (i) whether soluble factors of inflammation are released locally after CAS, and (ii) whether the release of the inflammatory markers is associated with periprocedural new ipsilateral diffusion-weighted cerebral MRI lesions.
Materials and methods

Subjects
Between December 2005 and November 2007, 37 patients underwent CAS for symptomatic or asymptomatic stenosis in Osaka University Hospital. Among them, two patients with laryngeal carcinoma (n = 1) or aortic aneurysm (n = 1) were excluded from this study. Thus, this study included 35 patients with 40 severely stenotic carotid vessels, including five patients with bilateral carotid artery stenosis, who were to undergo CAS. Patients with a history of ipsilateral ischemic events in the preceding 12 months were defined as 'symptomatic' patients, and 'asymptomatic' was defined by the absence of such ischemic events. Eight of the patients underwent CAS within 4 weeks after acute cerebral ischemic events. All patients were assessed for stenotic lesions using B-mode and color Doppler imaging before CAS. This study was approved by the Ethics Committee of Osaka University Hospital (# 06055). Written informed consent was obtained from all patients.
Procedures
All patients received antiplatelet therapy at least for a week before CAS. Among 35 patients, 12 received aspirin alone (100 mg per day), and 21 received the combination of aspirin (100 mg per day) with ticlopidine (200 mg/day, n = 11), clopidogrel (75 mg/day, n = 4) or cilostazol, inhibitor of cyclic adenosine monophosphate phosphodiesterase (200 mg/day, n = 6). The other two patients received clopidogrel or cilostazol alone. In all patients, CAS was performed by the same medical teams (TF and MS) with the PercuSurge GuardWire cerebral protection device based on balloon occlusion of the distal ICA and debris aspiration. An 8-Frlong sheath was initially placed into the descending aorta by a femoral approach. The patients were administered 5000 IU heparin before CAS to increase the activated clotting time to as long as 250 to 300 secs. Systemic blood samples were obtained from the descending aorta. An 8-Fr guiding catheter was inserted into the common carotid artery, and the Guard-Wire was then slowly advanced through the guiding catheter and cross the ICA lesion. After passing the stenotic lesion, the distal protection balloon was inflated, and the stenotic vessels were predilated with a slightly smaller balloon. The stent was placed into the stenotic lesion, followed by post dilatation. Any generated debris was removed from the ICA with an aspiration catheter. The first sampling of debris-laden blood from the culprit lesion was used as the postprocedural local sample ( Figure 1A ). When aspiration was complete, the distal balloon was deflated, re-establishing normal blood flow. The procedure lasted 10 to 15 mins. Sera and plasma were separated, and samples were frozen at À80 o C until use.
Measurement of Blood Inflammatory Markers
The serum concentrations of IL-6 and IL-18, and the plasma concentrations of TIMP-1 and MMP-2 were measured. The serum IL-6 levels and plasma levels of TIMP-1 and MMP-2 were measured by enzyme-linked immunosorbent assays, (ELISA; R&D Systems, Minneapolis, MN, USA). Serum IL-18 levels were also measured by an ELISA (MBL Co, Ltd., Nagoya, Japan).
Carotid Ultrasonography
All examinations were performed with the use of Phillips SONOS 5500 equipped with a 7.5 MHz linear-array transducer (Phillips Medical Systems, Tokyo, Japan). A single trained operator (YA) performed all carotid scans without clinical detail information of patients. The common and ICAs were assessed cross-sectionally and longitudinally by B-mode and color Doppler imaging. The degrees of the stenotic lesion were measured by the method used in the European Carotid Surgery Trial (Rothwell et al, 1994) .
MRI Assessments
MR imaging of the brain was performed before and after treatment with a 1.5 T Signa Horizon (GE Healthcare Japan, Hino, Tokyo, Japan) or 1.5 T magnetom Vision (Siemens-Asahi Medical Technology, Tokyo, Japan). The whole brain was scanned, and 20 axial images were produced; slice thickness of 5 mm and interslice gap of 2 mm. The imaging protocol consisted of a T2-weighted fluid-attenuated inversion recovery and diffusion-weighted MRI imaging (DWI) ( Figure 1B ). MR imaging was performed within 3 days after CAS. New cerebral ischemic lesions were assessed by experienced neuroradiologists, who were blinded for all clinical details.
Data Analysis
Samples of aspirated stenotic lesions were diluted slightly in 0.9% sodium chloride solution and iodinated contrast medium. To correct for dilution, the concentration was normalized for total protein. In addition, the serum and plasma levels of albumin, aspartate amino transferase, and total cholesterol were measured to ensure consistency. All analyses were performed with SPSS 11.5J software (SPSS Japan Inc., Tokyo, Japan). The Wilcoxon signed-rank test was used for pair wise comparisons. Comparisons between two different groups were carried out with the Mann-Whitney U-test. Subsequently, the association of the local IL-6 levels with periprocedural new ischemic lesions was examined by a logistic regression model together with age, sex, prior symptoms, and contralateral carotid stenosis-potential risk factors for CAS- (Stingele et al, 2008) . Values of P < 0.05 were considered to be statistically significant.
Results
Patient Characteristics
The baseline characteristics of the patients are summarized in the Table 1 . The study included 16 symptomatic and 19 asymptomatic patients for CAS. Among the 40 vessels subjected to CAS, 17 vessels were symptomatic. Although the prevalence of atherosclerotic risk factors was relatively high in the subjects, they were generally well controlled by medication.
Blood Inflammatory Marker Levels in Aortic Versus Local Samples
The local IL-6 levels (median, 3.10 pg/mL; interquartile range (IQR), 1.72 to 6.58 pg/mL) markedly increased at the plaque site in comparison to the aortic values (median, 1.90 pg/mL; IQR, 0.85 to 3.06 pg/mL) (P < 0.001) ( Figure 2) . The local IL-18 level (median, 250 pg/mL; IQR, 183 to 353 pg/mL) was slightly increased over the aortic values (median, 232 pg/mL; IQR, 179 to 304 pg/mL) (P < 0.01). In contrast, the local levels of TIMP-1, and MMP-2 were similar to their aortic ones (P = NS). 
Symptomatic Versus Asymptomatic Stenosis
The local IL-6 levels significantly increased both in symptomatic vessels and in asymptomatic lesions (Figure 3) . In symptomatic vessels, the IL-6 levels increased from 2.23 pg/mL (IQR, 1.10 to 5.50 pg/mL) in the aortic samples to 4.56 pg/mL (IQR, 2.69 to 10.4 pg/ mL) in the local samples (P < 0.01). In the asymptomatic lesions, they increased from 1.72 pg/mL (IQR, 0.76 to 2.76 pg/mL) in the aortic samples to 2.55 pg/mL (IQR, 1.33 to 4.67 pg/mL) in the local samples (P < 0.01). However, the local IL-6 levels in the symptomatic vessels were significantly higher than those in the asymptomatic vessels (P < 0.05).
Periprocedural New Ipsilateral DWI-MRI Lesions
Among 40 cases, new ischemic lesions in DWI-MRI were found in the ipsilateral hemispheres of 12 cases (30%) after CAS. Among them, only one patient had major stroke (Table 2) . Local IL-6 levels were significantly higher in cases with new ischemic lesions (6.33 pg/mL; range, 0.68 to 23.8 pg/mL) than in cases without (2.48 pg/mL; range, 0.25 to 10.97 pg/ mL) (P = 0.003), whereas aortic IL-6 levels tended to be higher in cases with new ischemic lesions than in those without, but it did not reach to statistical difference (P = 0.056). The levels of other inflammatory markers in the local and aortic samples were almost similar between cases with and without new ischemic lesions (Table 2) . Potential risk factors for CAS (Stingele et al, 2008 )-age, sex, prior symptoms, contralateral carotid stenosis ( > 90% or occlusion)did not differ between cases with and without new ischemic lesions in this study ( Table 2) . The difference in local IL-6 levels between cases with and without new ischemic lesions remained significant (P = 0.030) when we controlled for these potential risk factors for CAS.
Discussion
This study showed that IL-6 is instantly released by a mechanical plaque rupture resulting from CAS. Meanwhile, the local level of IL-18 was slightly but significantly increased, and there were no significant patterns of change in TIMP-1 and MMP-2 levels. As previous studies reported expression of all of these proteins in samples of CEA (Mallat et al, 2001; Choudhary et al, 2006; Krupinski et al, 2006) , it is surprising to find that among the inflammatory markers, only IL-6 is markedly released from atheromatous carotid plaques after CAS. Our study suggested that IL-6 was released into the ICA by mechanical rupture after CAS and it could enter the brain, which would not occur in the case of CEA. Prominent secretion of IL-6 from symptomatic lesions supported the close association of plaque instability and IL-6 production in vulnerable plaques. Rus and Niculescu (1999) reported 200-fold higher levels of IL-6 in atherosclerotic lesions than in blood. IL-6 expression level is significantly elevated in carotid lesions collected from patients who had suffered from a recent stroke (Peeters et al, 2009) . Moreover, higher levels of IL-6 are associated with lower echo-lucent carotid plaque (Yamagami et al, 2004) , a sign of vulnerable plaque (Grønholdt et al, 2001) . These results suggest that the amount of local IL-6 is related to plaque instability. Locally produced IL-6 may have roles in the expression of high sensitivity C-reactive protein, other proinflammatory cytokines, MMP, and tissue factor within atherosclerotic lesions as a messenger cytokine (Packard and Libby, 2008) . Surgical and endovascular approaches for severe carotid stenosis are recommended to prevent ischemic stroke, particularly in symptomatic patients. However, about 3% of patients incidentally suffer from ipsilateral stroke in both techniques (Goodney et al, 2006) . Distal embolism and cerebral hyperperfusion syndrome are serious adverse effects. For CAS, development of device such as balloon protection and filter system lessened the incidence of distal embolism. However, because of mechanical rupture of atheromatous plaque within the vessel, CAS could cause massive release of soluble factors into the circulating blood. Little attention has been paid to this aspect in CAS. This study clearly suggested the possibility that IL-6 could be released into the ICA and transferred into the brain circulation. Close association between local IL-6 levels and periprocedural new ischemic lesions ( Table 2) , suggests that transfer of IL-6 into the cerebral circulation after CAS might have important functions on periprocedural complications. There are growing evidence that circulating IL-6 levels are associated with intracranial atherosclerosis (Hoshi et al, 2008) and cerebral small vessel disease (Hoshi et al, 2005) . At least two potential mechanisms could be proposed for relation of IL-6 release and periprocedural complications. First, IL-6 accelerates cytokine production and oxygen radical production within the vessels (Kofler et al, 2005) . In smooth muscle cells, acceleration of free radical production was reported after exposure to IL-6 (Wassmann et al, 2004) . Second, IL-6 decreases expression of endothelial nitric oxide synthase and causes endothelial dysfunction (Saura et al, 2006; Schrader et al, 2007) . Production of oxygen-free radicals and endothelial dysfunction were recognized as one of key components for cerebral hyperperfusion after carotid revascularization (van Mook et al, 2005) . However, there is possibility that other soluble factors released, such as hemostatic factors, lipid peroxide, and vasoactive substances, are more important for periprocedural stroke than IL-6. To prevent the soluble factors from entering the brain, balloon protection device seems better than filter device during CAS. However, after CAS, plaque component displaced outside the stent could slowly release soluble factors into the ICA.
There are several limitations to this study. First, aspirated samples of stenotic lesions were slightly diluted in 0.9% sodium chloride solution. To correct for this dilution, the concentration was normalized for total protein. However, small amounts of protein may be secreted from the plaque to the aspirate. Therefore, it is possible that the levels of inflammatory markers in the local samples were underestimated. Second, the concentrations of inflammatory markers may be affected by stress or invasive procedures and could be elevated in response to CAS. However, this point may have little influence on the results because the aim was to compare levels of inflammatory markers between aortic blood samples before CAS and local blood samples just after CAS. Finally, this study was a small case study. The association between release of IL-6 and the risk of periprocedural stroke will have to be examined with a large sample size in the future study.
In conclusion, the IL-6 levels markedly increased in stenotic lesions in vivo in comparison to the aortic values after CAS. It is highly likely that IL-6 is produced within carotid atherosclerosis plaques and then released into the circulating blood. Further- Data for inflammatory marker levels are presented as medians (ranges). The association between local IL-6 levels and new ischemic lesions remained significant (P = 0.030) after controlling for potential risk factors for CAS-age, sex, prior symptom, and contralateral stenosis.
IL-6 release after CAS and new ischemic lesions Y Abe et al more, the local IL-6 level was found to be significantly increased in patients with periprocedural new ischemic lesions after CAS. The significance of soluble factors released from atheromatous plaque after CAS on periprocedural stroke should be further examined.
